The base composition of RNA from individually isolated giant chromosomes, puffed chromosome segments, nucleoli, and samples of cytoplasm from Chironomus salivary gland cells was determined by microelectrophoresis. Data on the adenine :guanine quotient of the chromosomal DNA were also obtained. The results show that: 1) Chromosomal, nucleolar, and cytoplasmic RNA's differ significantly from each other in base composition. 2) Nucleolar and cytoplasmic RNA's, in spite of the difference, show great similarities with regard to the base composition and are both rich in adenine and uracil.
The study of the process of information transfer from DNA x to protein-synthesizing centers in the cytoplasm has been carried out chiefly in bacteria. It is understandable that technical difficulties should arise when such studies are extended to higher organisms. However, in at least one case, namely the dipteran giant chromosomes, a higher organism may offer a distinct advantage. Here, through polyteny and the phenomenon of puffing x Abbreviations : DNA = deoxyribonucleic acid, RNA = ribonueleic acid, A = adenine, G = guanine, C = cytosine, U = uracil, T = thymine.
(2), products that are known to be due to the activity of single chromosomal loci (3) may accumulate in quantities large enough to be analyzed by special microchemical procedures.
The present paper describes results of microelectrophoretic (5) purine-pyrimidine analyses (microphoresis) of giant chromosomes, nucleoli, and cytoplasm from the salivary gland nuclei of Chironomus tentans. One chromosome, the short No. IV element, was further subdivided into three segments, each of which included a very large puff (Balbiani ring). Genetically, a Balbiani ring is equivalent to a single informational gene locus (3) which, in biochemical terms, is characterized by a particularly high synthetic activity as concerns RNA (14) . Most of the RNA extracted from the segments of chromosome IV should, therefore, constitute the product of those gene loci represented by the Balbiani rings, an inference which can also be drawn directly from our data. An indication of the general nature of the base composition of the DNA of the giant chromosomes was obtained by measuring its adenine/guanine quotient by means of microphoresis.
METHODS PREPARATION OF THE MATERIAL:
Chromosomes, nucleoli, and cytoplasm were taken from the large cells of the main lobe of the larval salivary gland of Chironomus tentans (cf. reference 3). Large fourth instar larvae were used throughout. Since the Balbiani rings do not undergo specific changes during metamorphosis it was not deemed necessary to make a distinction between larvae and "prepupae." For similar reasons, we did not determine the sex of the larvae. Within each series of dissections the larvae were collected from a single culture bowl and represented the progeny of a single mating. As judged from the size of the Balbiani tings, the homogeneity within such cultures was excellent. Between different series of dissections where larvae from different cultures had been used some differences in the size of the Balbiani rings were observed. However, since all cultures derive from related inbred stocks, the material as a whole can be considered as geneticallv homogeneous.
The salivary glands were dissected in body fluid and immediately fixed in buffered isotonic formalin (5 per cent in M/60 phosphate buffer of pH 7.1 containing 0.2 per cent NaC1) for 30 minutes. This was followed by a brief wash in distilled water which served as the medium for further dissection as well. Microdissection of single cells was carried out by hand under a binocular (Leitz Greenough). The nuclear membrane was torn open, with tungsten needles, and the chromosomes were freed from the nucleus by gentle agitation. They could then be drawn up individually into a mouth pipette and transferred to cove~lips where they were air dried. Homologous chromosomes from different nuclei of the same pair of glands were put together on the same coverslip but arranged individually in order to permit the further dissection into chromosome segments (see below). There is no difficulty in identifying the four different chromosomes of C. tentans individually so that errors in classification are excluded (see Fig. 1 ). In the case of chromosome IV all inversion heterozygotes were discarded, which is an obvious prerequisite for obtaining clear separations of the chromosomal segments from each other. For the preparation of nucleoli the nucleolar chromosomes were transferred to coverslips and air dried. The nucleolar mass was then freed from the attached chromosome as much as possible. No distinction was made between nucleoli isolated from chromosomes II or III. Samples of cytoplasm were prepared by placing enucleated ceils on coverslips for air drying.
The preparations were posttreated as follows before being sent to Gothenburg ANALYTICAL PROCEDURES: The fixed and dried salivary gland constituents were hydrated with 0.01 N acetic acid and covered with liquid paraffin in an oil chamber arrangement. They were rearranged and, in the case of the chromosomes, cut according to requirements, using the de Fonbrune micromanipulator equipped with two glass needles.
The No. I chromosomes were used whole and were collected in groups of 17 to 28 for each analysis. The No. IV chromosomes were divided into three segments and designated IV u (upper), IV m (middle) and IV l (lower). The middle and upper segments were separated between their Balbiani rings; and the lower segments were taken off as close to the Balbiani ring of the middle segments as possible (see Fig. 2 ). Thirty to eighty segments were used for each analysis. RNA was extracted with ribonuclease and analyzed by microphoresis as described earlier (5), but digested at 37°C instead of room temperature.
In cases with a low RNA/protein quotient, such as certain chromosomal segments, the increased amount of material necessary for a microphoretic separation may give rise to an increased contamination of RNA by proteins. If no precautions are taken the effect is to increase the values for uridylic acid. Evidence for such contamination was obtained in some analyses of lot No. 1. In view of this, lot No. 2 was postfixed with 96 per cent ethanol for 18 hours, a treatment which largely eliminates contaminations. Some separations of RNA from whole No. IV chromosomes and one from IV l showed evidence of contamination, the former to a moderate degree. These are not included among the results.
R E S U L T S
T h e base compositions of R N A extracted from isolated chromosomes, chromosome segments, nucleoli, and cytoplasm arc given in Table I . Photographs of separations, representative for each kind of material, are shown in Fig. 3 . It can be seen that the R N A from all sourccs was charactcrized by a high adenine content; in the case of nucleolar and cytoplasmic RNA's, by a relatively high uracil content as well. T h e RNA's from the latter two sources were very similar, but still significantly different with regard to their G / U quotients, the higher quotient being exhibited by cytoplasmic RNA.
All chromosomal RNA's were found to differ from the nucleolar and cytoplasmic RNA's (Table II) . There was, however, a wide variation in compositional values between the RNA's from the different chromosomal sources. The greatest variations are to be found in the A / U ratio (Table  I ). There are significant statistical differences in this ratio between IV u and I V m as well as between each of these and chromosome I. It is true that I V l differs from the other segments also; however, the few values obtained in this case do not usually permit the conclusion to be drawn that significant differences do exist. An exception is the case of IV l versus IV m, where the difference shows a relatively high t-value.
In order to make comparisons possible between chromosomal RNA and DNA, a few preliminary analyses of DNA composition were carried out and will be reported. Chromosome segments, which had been extracted for RNA, were incubated with 1 N HC1 in the oil chamber using liquid paraffin chromosome IV, section 1A) will necessarily be higher.
A corresponding method for determining RNA amounts was not applied. It is, however, possible to make a very rough estimation of the amounts involved from the intensity of the ultraviolet ab- Table  III ). In a few cases, a known amount of cytidine (2 to 3 /z#M) was dissolved in a volume of hydrochloric acid used for incubating the chromosome segments. This ofl'ered a way of determining the absolute amounts of DNA. Values obtained according to this method are given in Table III . It can be seen that chromosome I contains 2.5 times as much DNA as chromosome IV, which is in good agreement with the relative dimensions of these chromosomes (cf. Fig. 1) . The values for the segments IV u and IV m, particularly the latter, seem to be too high in proportion to the apparent chromosome length they constitute. This, however, is to be expected since the formation of a Balbiani ring considerably shortens the chromosome section involved (2) . The true length relations as revealed in chromosomes where Balbiani rings are not present (Fig. 2) come much closer to the DNA values. Furthermore, in short chromosome segments, the weight of local variations in DNA concentration (e.g. heavy bands at the lower end of Table III. There is an obvious increase in this ratio as one passes from segments with low synthetic activity to those of higher activity (as judged by the size of the Balbiani rings).
D I S C U S S I O N
There may be justification for giving some commcnts regarding thc extent to which thc obtained data can be assumed to be representative for the in vivo conditions. It was shown for Carnoy-fixcd starfish oocytcs that the fixation and subsequent isolation procedure leaves R N A in a suitable state for quantitative R N A determination and base analysis (7) . In the present work there are stages which cannot be checked easily with macrochemical control experiments. However, speaks against artefacts inherent in the preparative procedure. It immediately becomes apparent, from an inspection of the results on chromosomal RNA, that, in no case, is there a symmetry in base composition of the same kind as that which has been found for DNA. While leaving several alternatives open to explain this result, e.g. heterogeneous origin or secondary modifications of RNA, the data make one thing clear, viz. that the chromosomal R N A cannot to any higher percentage represent a copy of both strands of complementary DNA molecules. Thus, it is obvious that there is no close resemblance between chromosomal R N A in Chironomus It might be permitted also to pose the question whether the data are compatible with the hypothetical view that the chromosomal R N A only consists of unmodified copies of the single DNA chain, with the full understanding that a positive answer will not permit any conclusions to be drawn as to the origin of chromosomal RNA. An answer to the question may possiby be obtained through a comparison between the G-C contents in the chromosomal R N A and DNA. This is because the G-C content has to be the same in a D N A duplex and each one of its constituting strands. As is evident from Table III, the relative G-C content of D N A should be of the order of 30 per cent, a value that differs significantly from the corresponding value for chromosomal R N A (see Table  I ). The composition of the chromosomal R N A is consequently not the one to be expected £or a product that is copied from the single DNA chain unless one assumes that a fraction of DNA, particularly rich in guanine and cytosine, is synthetically active.
It is not possible to discern with certainty any rules governing the base composition of chromosomal RNA in view of the few examples studied. From the available data only one trend is evident. The A/U ratio parallels both the RNA/DNA ratio and the synthetic activity of the chromosome segments, as judged from the development of Balbiani rings. However, this parallelism seems to be fortuitous, since analyses to be reported of fourth chromosomes in which BR 3 shows a higher degree of development than BR l give values for the A/U quotient that are unusually low for BR 3.
An estimation of the size of the fraction of RNA extracted from segments IV u and IV m that originates in the Balbiani rings may be made. On the assumption that the quotient estimated from chromosome I for RNA/DNA, i.e. ~0, is representative for all regions of low synthetic activity and with the knowledge of the values for the quotients of the segments in question, i.e., ~ and ~, respectively, it can be estimated that these fractions are 75 and 85 per cent, respectively.
The results of several investigations on different kinds of material, including giant chromosomes, indicate that the chromatin or chromosomes is the source of nucleolar RNA (14, 8, 22, 20, 18, 16) . In the present study, there is no indication of a common origin for any of the investigated samples of chromosomal RNA and nucleolar RNA. In view of the varying base composition of chromosomal RNA, these results are not contradictory, of course, to those of earlier investigators.
The results of autoradiographic investigations indicate the nucleolus to be a source of the major part of cytoplasmic RNA (l, 23). It is true that such investigations are subject to errors, such as the unknown influences of the turnover rates of various precursors (9), self absorption (I 6), as well as cellular radiation damage with the use of tritium-labeled compounds (l 7). Nonetheless, these results are supported by the microirradiation experiments of Perry (15) and microphoretic base analyses of isolated nucleoli and cytoplasm from spider (6) and starfish (7) oocytes. Further support is furnished by the present data on Chironomus. These results seem even more informative than earlier base analyses in the respect that both the nucleolar and cytoplasmic RNA's are strikingly different from both the ribosomal RNA that is usually encountered in animal tissues and the soluble RNA (12) .
Although the nucleolar and cytoplasmic RNA's are similar there is a highly significant difference between them in the G/U quotient. As was pointed out earlier (7), such findings do not exclude even the extreme alternative that practically all cytoplasmic RNA present at a given moment is derived from the nucleolus. If nucleolar RNA is transported to the cytoplasm and if RNA is retained there, as seems to be the case in growing or proliferating tissues, including Drosophila salivary gland cells (13) , any change in the composition of the nucleolar RNA during the life of the cell will give rise to differences since the cytoplasmic RNA would represent an integral of all nucleolar RNA produced. It has been found, for starfish oocytes, that there are significant changes in base composition of nucleolar RNA during the growth of the oocyte (Edstr6m, unpublished).
In E. coli, the fraction of the RNA synthesized on the chromosomes that acts as a "messenger" RNA is present in very low amounts (4) . In Chironomus there is no sign of a contribution of chromosomal RNA to the cytoplasmic RNA, as judged by the base data, an expected finding in view of the results on E. coll. Cytoplasmic RNA, the bulk of which is ribosomal and is found usually to be rich in guanine and cytosine, shows an unusual base composition, in Chironomus, for an animal tissue. Similar results, i.e. a relatively high A-U content, have been obtained earlier (19) in analyses on Drosophila eggs. Furthermore, since, in experiments to be published, RNA of A-U type was extracted from whole Chironomus larvae, there is nothing which indicates that this composition is characteristic for polytenic tissues only. It is interesting to note that DNA from Chironomus giant chromosomes deviates in composition from the DNA of other known animal sources in a similar fashion, i.e. it has an unusually high A-T content, and it is tempting to believe that the parallel behaviour of the two nucleic acids in this respect is not fortuitous.
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